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ENERGY SYSTEM

RELATED APPLICATIONS

The present application 1s a Continuation application of
U.S. patent application Ser. No. 13/388,540, filed on Feb. 2,
2012, which 1s based on and claims priority from Interna-
tional Application Serial No. PCT/JP2010/057351, filed on
Apr. 26, 2010, which claims priority to Japanese Patent

Application Nos. 2009-18146°7 and 2009-285164, filed on
Aug. 4, 2009 and Dec. 16, 2009 respectively, the entire
contents of which 1s incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to an energy system includ-
ing a renewable power supply linked to a power distribution
system.

BACKGROUND ART

There has been sought widespread use of renewable
power supplies that are capable of reducing the emission of
greenhouse gases while 1n operation in order to achieve a
sustainable society. In particular, solar cells are a renewable
power supply that 1s most promising at present. One problem
with the solar cells, however, 1s that their power output
varies depending on the weather, or stated otherwise, the
amount ol electric energy generated thereby 1s unstable.
Accordingly, 11 the number of solar power generation facili-
ties that are linked to a power distribution system increases,
then their unstable power generation capability 1s expected
to adversely aflect the power distribution system, causing
problems referred to as “distributed voltage destabilization™
and “supply-demand imbalance™. There has been a concern
in the art about these problems as they are liable to prevent
renewable power supplies from finding widespread use, and
demand has been increasing for finding a way to resolve
these problems. The problems “distributed voltage destabi-
lization” and “‘supply-demand imbalance™, and solutions
that have heretofore been proposed to solve these problems
will be described below.

The problem “distributed voltage destabilization™ 1s that
the voltage (about 100 V) which 1s supplied to various
clectric power users including private houses, oflices,
autonomous facilities, etc. varies beyond an appropriate
range due to the unstable amount of electric power generated
by renewable power supplies. A voltage of about 6600 V
sent from a power-distributing substation 1n a power distri-
bution system 1s converted by the lowest-voltage trans-
tormer (hereinafter referred to as “terminal transformer”) 1n
the power distribution system 1nto a voltage of about 100 V,
which 1s supplied to electric power users. At this time, as
current tlows through power distribution lines having a
limited resistance, the distribution voltage varies depending
on the demand (electric power consumption). So ({ar,
demand has differed between daytime and nighttime, result-
ing 1n variations in the distribution voltage. However, the
distribution voltage has been kept within an appropriate
range of 101Vx6V because changes in demand have been
suiliciently small.

If the number of renewable power supplies that are linked
to the power distribution system increases, then since the
instability of the renewable power supplies 1s added to
changes in demand, the distribution voltage tends to vary
greatly beyond the appropriate range.
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One existing technology for solving the problem “distrib-
uted voltage destabilization” 1s a process which uses a
shutoil function that an inverter has. The inverter 1s a device
for converting electric power generated by a renewable
power supply into electric power that 1s compatible with a
power distribution system. The inverter monitors the distri-
bution voltage. When the distribution voltage approaches
the upper limit of the appropriate range, the inverter breaks
the linkage of the renewable power supply to the power
distribution system, preventing the distribution voltage from
rising.

The above process, however, leads to a reduction 1n the
availability ratio of renewable power supplies as the number
of renewable power supplies linked to the power distribution
system grows, tending to waste the power generating capa-
bility of the renewable power supplies.

The problem “supply-demand imbalance” i1s that the
demand and supply of electric power in an overall electric
power system are brought out of balance as the number of
renewable power supplies that are linked to the power
distribution system increases. The overall electric power
system needs to keep demand and supply of electric power
in agreement with each other. Heretofore, the demand and
supply of electric power have been kept 1n balance because
the electric power company adjusts the amount of generated
electric power depending on changes 1n the demand Spe-
cifically, some electric generating stations that have an
clectric power demand-supply adjusting capability, such as
thermal power stations, have played the adjusting role. An
increase in the number of renewable power supplies that are
linked to a power distribution system means an increase n
the number of electric generating facilities which do not
have an electric power demand-supply adjusting capability
and whose generated electric power 1s unstable. Therefore,
as the number of renewable power supplies that are linked
to a power distribution system increases, the electric power
demand-supply adjusting capability of the power distribu-
tion system weakens, making the frequency unstable and
tending to cause large-scale blackout in a worse-case sce-
nario.

An existing technology for solving the problem “supply-
demand 1mbalance” 1s a process of increasing the number of
thermal power stations that operate at a low availability ratio
to increase the electric power demand-supply adjusting
capability of an entire electric power system.

However, when thermal power stations operate at a low
availability ratio, the cost of generating electric power
increases because their power generating efliciency 1s low.
Furthermore, increasing the number of thermal power sta-
tions contradicts to the purpose of reducing the emission of
greenhouse gases by increasing the number of renewable
power supplies.

As described above, no drastic solutions to the problems
“distributed voltage destabilization” and “supply-demand
imbalance” have been found in the art. For drastically
solving the above problems, 1t 1s necessary to reduce the
instability itself of renewable power supplies. As a way of
reducing the instability of renewable power supplies, Patent
documents 1 through 4 have proposed technologies for
connecting a storage battery, which serves as a buller for
managing the istability of the amount of generated electric
power, to the output of a renewable power supply.

In recent years, widespread use of storage batteries for use
on vehicles has reduced the cost of storage batteries, and a
process of linking storage batteries for use on vehicles to a
power distribution system has been proposed (see Non-
patent document 2), making it practical to install large-
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capacity storage batteries 1n private houses, etc. However,
since storage batteries are still expensive, 1t 1s essential to
lower the cost of storage batteries so that their usage can
become widespread. Patent documents 1 through 4 do not
discuss anything significant as regards lowering the cost of
storage batteries.

For lowering the cost of storage batteries, 1t 15 necessary
not only to reduce the manufacturing cost of storage batter-
1ies, but also to reduce the capacity of storage batteries used
by respective electric power users but to increase the product
life cycles of storage batteries (longer product life cycles). A
reduction 1n the capacity of storage batteries realizes a
reduction 1n the installation cost of storage batteries, and the
longer product life cycles of storage battery realizes a
reduction 1n the cost required for the maintenance of electric
generating facilities which use storage batteries and renew-
able power supplies. Eflorts to achieve the “longer product
life cycles” or “increased product life cycles” of storage
batteries according to the present description mean efforts to
prevent a reduction in the product life cycles of storage
batteries owing to the operating process, but not eflorts to
prolong the product life cycles of storage batteries based on
improved battery materials.

Processes that are presently proposed for reducing the
capacity ol storage batteries and making the product life
cycles of storage batteries longer will be described below.

According to one process of reducing the capacity of
storage batteries, a plurality of storage batteries are installed
in a centralized area (centralized installation), rather than
being installed at respective electric power users with power

generation facilities (distributed installation). If storage bat-
teries are 1nstalled 1n distributed locations, then the electric
power users need to install storage batteries which have a
sulliciently large capacity for individual charging and dis-
charging demands thereof. Therefore, the total capacity of
all the storage batteries belonging to the electric power users
becomes large. If storage batteries are installed 1n a central-
ized area, then since the amounts of electric power to be
charged into and discharged from the respective storage
batteries even out because the demand of electric power
from the electric power users and the supply of electric
power to the electric power users cancel each other out, 1t 1s
possible to reduce the total capacity of all the storage
batteries and, as a result, to reduce the capacity of the storage
battery belonging to each of the electric power users (Non-
patent document 3).

However, the centralized installation of storage batteries
(e.g., 1n each power-distributing substation) cannot solve the
above problem “distributed voltage destabilization™ because
clectric power generated by renewable power supplies is
supplied via a power distribution system that charges the
storage batteries and hence a number of electric generating
facilities whose generated electric power 1s unstable are
linked to the power distribution system.

The distributed installation of storage batteries reduces
the effect of power generation instability on a power distri-
bution system by managing the power generation instability
with the storage batteries that are installed near renewable
power supplies, though the distributed installation makes the
total capacity of the storage batteries large. Consequently,
the distributed installation of storage batteries 1s eflective to
assist 1n solving the problems “distributed voltage destabi-
lization” and “‘supply-demand imbalance™ of a power dis-
tribution system. Therefore, a technology for installing
storage batteries in distributed locations, while at the same
time reducing the total capacity of the storage batteries, 1s

5

10

15

20

25

30

35

40

45

50

55

60

65

4

sought 1n environments where a number of electric gener-
ating facilities are linked to a power distribution system.

According to one process of prolonging the product life
cycles of a storage battery, the number of charging and
discharging cycles 1s reduced. Generally, many types of
storage batteries typified by a lithium 1on battery have their
capacity lowered as they are repeatedly charged and dis-
charged. In order to prevent the product life cycles of a
storage battery from being shortened, therefore, 1t 1s desir-
able for the storage battery not to be charged and discharged
frequently repeatedly. In addition, inasmuch as it 1s known
that the deterioration of a storage battery 1s accelerated 1f 1t
1s used 1 a high SOC (State Of Charge: the ratio of a
charged amount of electric power to the capacity of the
storage battery) range, it 1s desirable for the storage battery
not to be used 1n a range of high SOCs (heremnafter referred
to as “ligh SOC range”). Moreover, 1f a storage battery 1s
kept 1n storage aiter 1t has been charged to a high SOC range,
then the charged energy i1s wasted as the storage battery 1s
self-discharged to a large degree in the short run, and the
product life cycles of the storage battery is shortened as the
storage battery 1s deteriorated 1n the long run.

For example, Patent document 5 and Patent document 6
disclose a technology wherein two storage batteries are
provided for use on an electric vehicle, and while one of the
storage batteries 1s being discharged, the other storage
battery 1s charged, with their charging and discharging
processes alternating with each other when necessary
thereby reducing the number of charging and discharging
cycles.

According to the technology disclosed 1n Patent document
5 and Patent document 6, however, the amount of electric
power charged in a storage battery, which 1s to be switched
from a charging cycle to a discharging cycle, may not
necessarily have reached a suflicient level, and the amount
ol electric power stored in a storage battery, which 1s to be
switched from a discharging cycle to a charging cycle, may
not necessarily have reached a mmimum level. Therefore,
although the number of charging and discharging cycles can
be made smaller than with a system not based on the
technology disclosed in Patent document 5 and Patent
document 6, the disclosed technology fails to sufliciently
reduce the number of charging and discharging cycles of
storage batteries.

Patent document 7 discloses a technology for not keeping
a storage battery on a vehicle 1n storage after 1t has been
charged to a high SOC range, by failing to charge the storage
battery 11 1t 15 expected that the vehicle will not be used for
a long period of time.

Storage batteries on vehicles do not need to be operated
if the vehicle 1s at rest. However, storage batteries used by
clectric power users including private houses, offices,
autonomous facilities, etc. may store electric power gener-
ated by renewable power supplies and discharge stored
clectric power 1n response to a request from energy systems
connected thereto, even in the absence of electric power
users. Therefore, a need has arisen for a technology for
operating a storage battery while at the same time not using
a high SOC range as much as possible.

Generally, a storage battery made up of a plurality of
storage cells or modules for increased battery capacity and
output voltage suflers individual cell characteristic varia-
tions. Patent document 8 and Patent document 9 disclose a
technology for reducing characteristic differences between
cells at the time they are charged and discharged, thereby
extending the product life cycles of the overall storage
battery. However, the technology disclosed 1n Patent docu-
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ment 8 and Patent document 9 1s unable to reduce the
number of charging and discharging cycles of the individual
cells though 1t can minimize a reduction 1n the product life
cycles of the storage battery that results from the individual
cell characteristic variations.

As described above, it 1s desirable to use storage batteries
and 1nstall the storage batteries 1 distributed locations 1n
order to lessen the problems “distributed voltage destabili-
zation” and “supply-demand imbalance” which are caused
by renewable power supplies, particularly solar cells, linked
to a power distribution, system.

However, the distributed 1nstallation of storage batteries
tends to generate an increase 1n the capacity and cost of the
storage batteries. As described above, 1n order to lower the
cost of storage batteries, 1t 1s 1mportant to minimize a
reduction of the capacity thereof while at the same time
extending the product life cycles thereof.
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SUMMARY

It 1s an exemplary object of the present mvention to
provide an energy system which will extend the product life
cycles of a storage battery while minimizing an increase 1n
the capacity of the storage battery in order to thereby
contribute to a reduction 1n the cost of the storage battery.

To achieve the above object, there 1s provided 1n accor-
dance with an exemplary aspect of the present invention an
energy system comprising:

an electric device that consumes electric power;

a plurality of storage batteries that supplies stored electric
power to the electric device, each of the storage batteries
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being individually set to a maximum SOC representing a
charging limit and a minimum SOC representing a discharg-
ing limit, each of the storage batteries being chargeable and
dischargeable under the control of an external device and
being capable of measuring SOC values;

a renewable power supply that supplies generated electric
power to the electric device and the storage batteries; and

an information processor that controls charging and dis-
charging processes of the storage batteries individually to
keep the storage batteries charged until SOC values acquired
from the storage batteries reach the maximum SOC when
the storage batteries are charged and to keep the storage
batteries discharged until SOC values acquired from the
storage batteries reach the minimum SOC when the storage
batteries are discharged.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram of a configurational example of
an energy system according to a first exemplary embodiment
of the present invention.

FIG. 2 1s a block diagram of a configurational example of
an information processor shown in FIG. 1.

FIG. 3 1s a diagram 1llustrative of a method of controlling
the charging and discharging of a storage battery, which 1s
carried out by the information processor according to the
first exemplary embodiment.

FIG. 4 1s a flowchart of a sequence for controlling the
amount of consumed electric power and the amount of
supplied electric power, which 1s carried out by the infor-
mation processor according to the first exemplary embodi-
ment.

FIG. § 1s a flowchart of another sequence for controlling
the amount of consumed electric power and the amount of
supplied electric power, which 1s carried out by the infor-
mation processor according to the first exemplary embodi-
ment.

FIG. 6 1s a flowchart of still another sequence for con-
trolling the amount of consumed electric power and the
amount of supplied electric power, which 1s carried out by
the mformation processor according to the first exemplary
embodiment.

FIG. 7 1s a block diagram of a configurational example of
an energy system according to a third exemplary embodi-
ment of the present mnvention.

FIG. 8 1s a block diagram of another configurational
example of the energy system according to the third exem-
plary embodiment of the present invention.

EXEMPLARY EMBODIMENT

The present invention will be described below with ret-
erence to the drawings.

First Exemplary Embodiment

FIG. 1 1s a block diagram of a configurational example of
an energy system according to a first exemplary embodiment
of the present invention.

As shown 1n FIG. 1, energy system 100 according to the
first exemplary embodiment includes electric devices 150
that consume electric power, which are owned by respective
clectric power users, renewable power supplies 140 such as
solar cells or the like, storage batteries 130 that store electric
power, and information processor 110 that controls the
charging and discharging of storage batteries 130. Energy
system 100 1s constructed in association with each terminal



US 9,849,803 B2

7

transformer 160 which distributes electric power delivered
from a power-distributing substation, for example, to elec-
tric power users.

Renewable power supplies 140 and storage batteries 130
are stalled i distributed locations at the facilities of
respective electric power users, for example. In energy
system 100 according to the present exemplary embodiment,
a plurality of renewable power supplies 140 and a plurality
of storage batteries 130 that are installed in distributed
locations are shared by the electric power users.

Electric devices 150 of the respective electric power users
are supplied with electric power from a power distribution
system via outlets that the electric power users (houses and
facilities) have, and are also supplied with electric power
that 1s generated by renewable power supplies 140 and
clectric power that 1s stored in storage batteries 130.

Storage batteries 130 store electric power supplied from
the power distribution system or electric power generated by
renewable power supplies 140.

Renewable power supplies 140 supply generated electric
power to electric devices 150 and storage batteries 130
which the respective electric power users have. It there 1s
excessive electric power that 1s not used 1n energy system
100, then renewable power supplies 140 supply the exces-
s1ve electric power to the power distribution system (reverse
power flow).

Information processor 110 1s connected to electric devices
150, renewable power supplies 140, and storage batteries
130 by respective communication lines. Information proces-
sor 110 rece1ves, via the communication lines, the amount of
clectric power consumed by the respective electric power
users, the amount of electric power generated by respective
renewable power supplies 140, and the inherent information
(to be described later) of respective storage batteries 130.
Information processor 110 controls the amount of electric
power generated by respective renewable power supplies
140 and the charging and discharging of storage batteries
130 based on the received information.

Energy system 100 shown in FIG. 1 may include battery
station 220 for changing vehicular storage batteries mounted
on electric vehicles, plug-in hybrid vehicles, etc. and charg-
ing those vehicular storage batteries. Battery station 220
may have an electric power demand-supply adjusting capa-
bility. The electric power demand-supply adjusting capabil-
ity of battery station 220 can be realized by, for example,
providing battery station 220 with a number of storage
batteries 130 and controlling the charging and discharging
storage batteries 130.

(1) Electric Power User:

An electric power user 1s a facility which uses electric
power, having a plurality of electric devices 150, storage
battery 130, and renewable power supply 140, such as a
private house, an oflice, an autonomous facility, etc. Energy
system 100 shown 1n FIG. 1 includes electric power users
cach having renewable power supply 140 or storage battery
130, and electric power users having neither renewable
power supply 140 nor storage battery 130.

(2) Storage Battery and Renewable Power Supply:

Storage batteries 130 included in energy system 100
shown 1 FIG. 1 may be stationary storage batteries and
vehicular storage batteries referred to above. Storage bat-
teries are connected to the power distribution system
through outlets of electric power users (houses and facilities)
and battery station 220, for example.

Each of storage batteries 130 may be a lithium 1on
secondary battery, for example, set to a maximum SOC
(State Of Charge: the ratio of a charged amount of electric
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power to the capacity of the storage battery) which repre-
sents a charging limit, and a minimum SOC which repre-
sents a discharging limiat.

An SOC 1s calculated as the amount of electric power
charged or discharged with respect to a nominal capacity
that 1s released by the manufacturer or seller of storage
batteries 130. When a storage battery 1s charged to the
nominal capacity, its SOC 15 100%. An SOC 1s also calcu-
lated as the amount of electric power charged or discharged
with respect to a fully charged capacity, 1.e., a state wherein
storage battery 130, immediately aiter it 1s shipped from the
factory, 1s fully charged according to a charging process
indicated by the manufacturer or seller of storage batteries
130 (using a genuine charger, etc.). When a storage battery
1s charged to its fully charged capacity, 1ts SOC 1s 100%. If
the state wherein storage battery 130 1s fully charged accord-
ing to the charging process indicated by the manufacturer or
seller of storage batteries 130 1s defined as SOC 100%, then
since use of the storage battery generally causes a deterio-
ration 1n 1ts capacity, 1its SOC will not subsequently be 100%
even when 1t 1s fully charged. Therefore, when the number
of charging and discharging cycles carried out has reached
a certain count, a full charge and a partial discharge process,
that may be performed for every 100 charge/discharge
cycles, for example, 1s carried out, thereby periodically
calibrating the capacity for SOC 100%.

The values of the maximum SOC and the minimum SOC
are individually established by the manufacturer or seller of
storage batteries 130, for example, by taking into consider-
ation the range 1n which storage batteries 130 can be stably
used. The maximum SOC may be 100% or a value lower
than 100%. The minimum SOC may be 0% or a value higher
than 0%. The value of the maximum SOC may be changed
depending on the degree to which storage batteries 130 are
deteriorate, as described above.

Each storage battery 130 i1s combined with a known
storing device (not shown) for storing electric power gen-
erated by renewable power supply 140 or electric power
supplied from the power distribution system, a known
current and voltage regulator (not shown) for controlling the
current and voltage at the time 1t 1s charged and discharged.,
and a known SOC measuring device (not shown) for mea-
suring values of SOCs. The storing device and the current
and voltage regulator can be controlled by information
processor 110, and measured results produced by the SOC
measuring device can be retrieved by information processor
110.

Renewable power supplies 140 to be controlled may be
solar cells, wind power generators, etc., for example. Each
renewable power supply 140 1s combined with an inverter
(not shown) for making electric power generated thereby
compatible with the power distribution system.

(3) Information Processor:

Information processor 110 retrieves the amounts of elec-
tric power consumed by the respective electric power users,
the amounts of electric power generated by respective
renewable power supplies 140, and the inherent information
(to be described later) of respective storage batteries 130,
and controls the charging and discharging of storage batter-
ies 130 1n energy system 100 based on the retrieved infor-
mation. Information processor 110 may control only the
charging and discharging of storage batteries 130, or may
control energy system 100 in 1ts entirety which includes
storage batteries 130, renewable power supplies 140, electric
devices 150, battery station 220, etc.

Information processor 110 may be implemented by a
computer as shown 1n FIG. 2, for example.
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The computer shown in FIG. 2 has processor 10 for
performing certain processing sequences according to pro-
grams, mput device 20 for mputting commands, 1nforma-
tion, etc. to processor 10, and output device 30 for outputting
processed results from processor 10.

Processor 10 includes CPU 11, main memory 12 for
temporarily holding information required for processing
sequences carried out by CPU 11, recording medium 13
which records therein programs for controlling CPU 11 to
perform processing sequences according to the present
invention, data storage device 14 for storing inherent infor-
mation representing rated capacities, maximum SOCs, mini-
mum SOCs, and output voltages of respective storage bat-
teries 130, information representing the amounts of electric
power consumed by the respective electric power users,
memory control interfaces 15 for controlling data transier
between main memory 12, recording medium 13, and data
storage device 14, 1/O mterfaces 16 serving as interface
devices for input device 20 and output device 30, and
communication controller 17 for sending information to and
receiving information from the electric power users, storage
batteries 130, renewable power supplies 140, etc. These
components are connected by bus 18.

Processor 10 performs processing sequences for control-
ling the charging and discharging of storage batteries 130 1n
energy system 100 according to the programs recorded in
recording medium 13. Recording medium 13 may be a
magnetic disk, a semiconductor memory, an optical disk, or
any of other recording mediums. Data storage device 14
does not need to be included in processor 10, but may be an
independent device.

The amount of electric power consumed by the electric
power users can be measured by electric power meters
installed in houses, facilities, etc. Alternatively, the amount
of electric power consumed by electric power users may be
measured by known electric power measuring devices
installed on power distribution boards, or may be measured
by integrating power values measured by known electric
power measuring devices installed on power outlets and
clectric devices 150. Information processor 110 may accu-
mulate the measured amount of consumed electric power 1n
association with information representing time, temperature,
dates, etc. and may use the accumulated information for
predicting the amount of electric power which will be
consumed.

The amount of electric power generated by renewable
power supplies 140 can be measured by known electric
power measuring devices that are connected to the output
terminals of renewable power supplies 140. The amount of
clectric power generated by renewable power supplies 140
can be controlled based on the number of cells or modules
used for solar power generation, or can be controlled based
on the angle of blades (rotary blades) used for wind power
generation. The amount of electric power generated by
renewable power supplies 140 can also be controlled by
consuming electric power using resistors or the like.

The inherent information of storage batteries 130 may
represent rated capacities, maximum SOCs, minimum
SOCs, output voltages, etc. These 1items of information may
be stored 1n information processor 110 in advance or may be
sent from storage batteries 130 to information processor 110.

With energy system 100 shown 1n FIG. 1, storage batter-
ies 130 may not necessarily be charged or discharged
continuously. According to the present exemplary embodi-
ment, therefore, information indicating whether each storage
battery 130 1s designated as belonging to a charging storage
battery group or to a discharging storage battery group will
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be described later, and measured SOC values are included 1n
the inherent information. These items of information may be
managed by mformation processor 110 or may be sent from
storage batteries 130 to information processor 110.

Information processor 110 may store the numbers of
charging and discharging cycles of respective storage bat-
teries 130 and accumulated times over which storage bat-
teries 130 have been used, and may determine charging or
discharging instructions for respective storage batteries 130
for respective storage batteries 130 by taking into consid-
eration expected deteriorations in the performance of storage
batteries 130. For example, 11 the number of charging and
discharging cycles exceeds a preset count or if the accumus-
lated time for charging/discharging a storage battery exceeds
a preset time, then iformation processor 110 may change
the values of the maximum SOC and the minimum SOC.
Information processor 110 may determine the state of dete-
rioration in the storage capacity of storage batteries 130
based upon a change 1n the open voltage and a change 1n the
impedance while storage batteries 130 are being charged and
discharged, and may change the maximum current values
when storage batteries 130 are charged and discharged.
(4) Algorithm:

With energy system 100 shown in FIG. 1, the amount of
clectric power consumed by each electric power user is
constant, but varies with time. Consequently, 1f storage
batteries 130 are charged or discharged depending on varia-
tions 1n the amount of consumed electric power, as shown 1n
FIG. 3(a), then the number of charging and discharging
cycles of storage batteries 130 increases, and the product life
cycles of storage batteries 130 decreases.

With energy system 100 shown in FIG. 1, furthermore,
storage batteries 130 are installed 1n distributed locations,
and the time when each storage battery 130 1s added to
energy system 100, the time when 1t 1s removed from energy
system 100, the value of an SOC at the time it 1s added to
energy system 100, the history of charging and discharging
cycles, the maximum SOC, the minimum SOC, the storage
battery capacity, and the characteristics differ (vary) from
storage battery 130 to storage battery 130.

According to the present exemplary embodiment, storage
batteries 130 in energy system 100 are classified into a
charging storage battery group and a discharging storage
battery group. Storage batteries 130 that are designated
belonging to the charging storage battery group are continu-
ously charged until they reach a maximum SOC based on the
values of SOCs acquired from those storage batteries 130.
Storage batteries 130 that are designated belonging to the
discharging storage battery group are continuously dis-
charged until they reach a minimum SCO based on the
values of SOCs acquired from those storage batteries 130.
According to the present exemplary embodiment, 1n other
words, information processor 110 individually controls the
charging and discharging of storage batteries 130 in energy
system 100, and switches the charging and discharging of
cach of storage batteries 130 at the maximum SOC or the
minimum SOC.

If each storage battery 130 1s made up of a plurality of
storage battery packs each controllable for charging and
discharging, or 1f each storage battery 130 1s made up of a
plurality of modules or cells each controllable for charging
and discharging, then each storage battery pack, each mod-
ule, or each cell may be controlled.

Since the amount of consumed electric power 1n energy
system 100 vary with time, as described above, energy
system 100 according to the present exemplary embodiment
may not necessarily be able to continuously charge storage
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batteries 130 that are designated as belonging to the charging,
storage battery group and may not necessarily be able to
continuously discharge storage batteries 130 that are desig-
nated as belonging to the discharging storage battery group.

For example, as shown 1n FI1G. 3(b), storage batteries 130
that are designated as belonging to the charging storage
battery group are discontinuously charged up to respective
maximum SOCs set depending on the amount of consumed
clectric power 1n energy system 100. When those storage
batteries 130 are charged up to their maximum SOCs, they
are individually designated as belonging to the discharging
storage battery group, and thereafter discontinuously dis-
charged.

As shown 1 FIG. 3(c), storage batteries 130 that are
designated as belonging to the discharging storage battery
group are discontinuously discharged up to respective mini-
mum SOCs set depending on the amount of consumed
clectric power 1n energy system 100. When those storage
batteries 130 are discharged up to their mimnimum SOCs,
they are individually designated as belonging to the charging
storage battery group, and thereafter discontinuously
charged.

As described above, information processor 110 according
to the present exemplary embodiment individually controls
the charging and discharging of storage batteries 130 in
energy system 100, and controls the amount of electric
power generated by renewable power supplies 140 and the
amount of electric power which energy system 100 receives
from the power distribution system, depending on the
amount of electric power consumed in energy system 100.

FIG. 4 1s a flowchart of a sequence for controlling the
amount of consumed electric power and the amount of
supplied electric power, which 1s carried out by the infor-
mation processor according to the first exemplary embodi-
ment.

As shown 1n FIG. 4, information processor 110 acquires
the amount of electric power consumed by the respective
clectric power users, the amount of electric power generated
by respective renewable power supplies 140, and the mher-
ent information of respective storage batteries 130 (step S1).

Then, information processor 110 compares the sum of the
amounts of electric power supplied by respective renewable
power supplies 140 in energy system 100 that 1s managed by
information processor 110, and the sum of the amounts of
clectric power consumed by respective electric devices 150
with each other, and determines whether the sum of the
amounts ol supplied electric power 1s greater than the sum
of the amounts of consumed electric power or not (step S2).

If the sum of the amounts of supplied electric power 1s
greater than the sum of the amounts of consumed electric
power, then imformation processor 110 carries out at least
one of the following alternatives (a) through (c¢) (step S3):

(a) Information processor 110 supplies excessive electric
power as the difference produced by subtracting the sum of
the amounts of consumed electric power from the sum of the
amounts of supplied electric power to the power distribution
system by way of reverse power tlow.

(b) Information processor 110 charges storage batteries
130 designated as belonging to the charging storage battery
group.

(¢c) Information processor 110 reduces the amounts of
clectric power generated by renewable power supplies 140.

At this time, for eflectively using renewable power sup-
plies 140, 1t 1s desirable for information processor 110 (a) to
supply excessive electric power to the power distribution
system by way of reverse power tlow or (b) to charge storage
batteries 130 designated as belonging to the charging storage
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battery group, rather than to reduce the amount of electric
power generated by renewable power supplies 140.

If the sum of the amounts of supplied electric power 1s
smaller than the sum of the amounts of consumed electric
power, then information processor 110 carries out at least
one of the following alternatives (d) through (1) (step S4):

(d) Information processor 110 receives an amount of
clectric power that 1s 1nsuilicient as the difference produced
by subtracting the sum of the amounts of supplied electric
power from the sum of the amounts of consumed electric
power Irom the power distribution system.

(¢) Information processor 110 discharges storage batteries
130 designated as belonging to the discharging storage
battery group.

(1) Information processor 110 increases the amounts of
clectric power generated by renewable power supplies 140.

At this time, to reduce the number of charging and
discharging cycles of storage batteries 130 and to eflectively
use renewable power supplies 140, it 1s desirable that
information processor 110 (d) receive an amount of electric
power from the power distribution system that 1s insutlicient,
or (1) to 1increase the amount of electric power generated by
renewable power supplies 140 rather than (e) to increase the
amount of electric power generated by renewable power
supplies 140.

According to the above control sequence, information
processor 110 compares the sum of the amounts of supplied
clectric power and the sum of the amounts of consumed
clectric power 1n energy system 100 that 1s managed by
information processor 110 with each other i step S2.
However, 11 electric power to be supplied from an external
source to the power distribution system by way of reverse
power tlow or if electric power to be recerved from the
power distribution system 1s notified, then information pro-
cessor 110 may control the amount of supplied electric
power and the amount of consumed electric power 1n energy
system 100 according to the indication.

For example, if an amount of electric power to be supplied
to the power distribution system by way of reverse power
flow 1s notified, then, as shown in FIG. 5, information
processor 110 may carry out step S1 and thereatter compare
the amount of excessive electric power 1n energy system 100
and the amount of electric power to be supplied to the power
distribution system by way of reverse power flow with each
other (step S12). If the amount of excessive electric power
1s greater than the amount of electric power to be supplied

to the power distribution system by way of reverse power
flow, then information processor 110 carries out at least one
of (b) and (c) described above (step S13). If the amount of
excessive electric power 1s smaller than the amount of
clectric power to be supplied to the power distribution
system by way of reverse power flow, then information
processor 110 carries out at least one of (e) and (1) described
above (step S14).

If an amount of electric power to be received from the
power distribution system 1s indicated, then, as shown in
FIG. 6, information processor 110 may carry out step S1 and
thereaiter compare that amount of electric power 1n energy
system 100 that 1s insuflicient and the amount of electric
power to be recerved from the power distribution system
with each other (step S22). If the amount of the electric
power that 1s isuflicient 1s greater than the amount of
clectric power to be received from the power distribution
system, then information processor 110 carries out at least
one of (e) and (1) described above (step S23). If the amount
of the electric power that 1s mnsuflicient 1s smaller than the
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amount ol electric power to be received, then immformation
processor 110 carries out at least one of (b) and (c¢) described
above (step S24).

Furthermore, 11 an amount of electric power that 1s to be
obtained by charging 1s smaller than the amounts of electric
power that can be obtained by charging all storage batteries
130 that are designated as belonging to the charging storage
battery group, or an amount of electric power to be dis-
charged 1s smaller than the amounts of electric power that
can be discharged by all storage batteries 130 that are
designated as belonging to the discharging storage battery
group, then a priority sequence may be given in advance to
storage batteries 130 1n the charging storage battery group
and the discharging storage battery group, and storage
batteries 130 to be charged or discharged may be selected
according to the priority sequence.

For example, a priority sequence given to the charging
storage battery group may be such that storage battery 130
of mmimum SOC 1s set to the highest priority, then storage
batteries 130 belonging to the charging storage battery group
which has not reached maximum SOC may be set to higher
priorities according to the ascending order of SOC values,
and finally storage batteries 130 may be set to higher
priorities according to the ascending order of the numbers of
charging and discharging cycles.

A priority sequence may be given to storage batteries 130
belonging to the charging storage battery group so as not to
use storage batteries 130 i a high SOC range. For example,
if an amount of electric power to be charged 1s sufliciently
smaller than the amounts of electric power that can be
charged by storage batteries 130, then storage batteries 130
belonging to the charging storage battery group may indi-
vidually be set to a charging-stop SOC, which serves as an
index for stopping the charging process, lower than the
maximum SOC, and, when those storage batteries are
charged up to the charging-stop SOC, they may stop being
charged and may be designated as belonging to the discharg-
ing storage battery group, so that the storage batteries will
not be used 1n the high SOC range. The charging-stop SOC
has a maximum value that 1s equal to the value of the
maximum SOC established for each of the storage batteries.

Furthermore, the storage batteries designated as belong-
ing to the charging storage battery group may individually
be set to a charging-stop ratio 1n an SOC range between the
maximum SOC and the mimmum SOC (hereinafter referred
to as “usable SOC range™), and when the storage batteries
are charged up to the charging-stop ratio, they may stop
being charged and may be designated as belonging to the
discharging storage battery group, so that the storage bat-
teries will not be used 1n the high SOC range. The charging-
stop ratio 1s a utilization ratio within the usable SOC range,
which serves as an index for stopping the charging process.
The utilization ratio within the usable SOC range 1s a value
indicating how much percentage a storage battery 1s charged
up to 100% as the usable SOC range. For example, if the
usable SOC range 1s established between a maximum SOC
of 90% and a minimum SOC of 10%, then the utilization
ratio of 70% within the usable SOC range means that a
storage battery 1s charged up to 70% of the usable SOC
range which 1s represented as 100. Stated otherwise, within
the interval 80% from the SOC of 10% to the SOC of 90%,
the storage battery 1s charged with an amount of electric
power 1dicated as 80A0.7=56%, which 1s expressed as an
SOC of 66%.

Storage batteries 130 which have already exceeded the
charging-stop SOC or the charging-stop ratio at the time 1t
1s established may be designated as belonging to the dis-
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charging storage battery group when they are detected as
exceeded the charging-stop SOC or the charging-stop ratio.
The values of the charging-stop SOC and the charging-stop
ratio may be determined depending on the state of the energy
system based on the amount of electric power that can be
obtained by charging respective storage batteries 130 and
based on the amount of electric power that 1s to be obtained
by charging respective storage batteries 130. The values of
the charging-stop SOC and the charging-stop ratio may not
only be real-time values representing amounts of consumed
clectric power, but may also be predicted based on the
results of learning processes for learning the amounts of
clectric power consumed 1n the energy system depending on
seasons, weathers, dates, time zones, etc. and the occurrence
tendency of instructions for reverse power tlow to the power
distribution system and charging instructions depending on
seasons, weathers, dates, time zones, etc.

A priority sequence given to the discharging storage
battery group may be such that storage battery 130 having a
minimum SOC 1s set to the highest priority, then storage
batteries 130 belonging to the discharging storage battery
group and which have not reached the minimum SOC may
be set to higher priorities according to the descending order
of SOC values, and finally storage batteries 130 may be set
to higher priorities according to the descending order of the
numbers of charging and discharging cycles. Storage bat-
teries 130 within the usable SOC range may be set to higher
priorities according to the descending order of utilization
ratios.

In order to mimimize the use of the storage batteries
designated as belonging to the discharging storage battery
group, 1t 1s desirable not only to discharge a storage battery
that has a high priority, but also to discharge a plurality of
storage batteries successively from higher priorities at the
same time. For example, a storage battery having prionty 1,
which 1s the highest priority, may be discharged, and if the
value of the SOC of the storage battery having priority 1 1s
the same as the value of the SOC of a storage battery having
priority 2, which 1s the second highest priority, or 1f the
utilization ratio within the usable SOC range of the storage
battery having priority 1 1s the same as the utilization ratio
of the storage battery having priority 2, then the storage
batteries having priority 1 and priority 2 may be discharged
concurrent with each other. Similarly, at the time when the
value of the SOC of the storage battery having priority 1 1s
the same as the value of the SOC of a storage battery having
priority 3, which 1s the third highest priority, or falls in the
usable SOC range, 1f there i1s a storage battery having
priority 3 which is of the same utilization ratio, then storage
batteries having priority 1, priority 2, and priority 3 may be
discharged concurrent with each other.

It 1s said that lithium 10n batteries, particularly storage
batteries having a positive electrode material of manganese
spinel, seli-discharge to a large degree not only in the high
SOC range, but also 1f kept 1n storage with a discharging
voltage 1n the vicinity of 3.7 V. Therelore, storage batteries
having a positive electrode material of manganese spinel
should be set to a high priority regardless of whether they are
designated as belonging to the charging storage battery
group or the discharging storage battery group so that they
will not be kept 1n storage with a discharging voltage of 3.7
V.

As a specific example wherein storage batteries 130 will
not be used 1n a high SOC range, the following process may
be considered:

Based on the amount of electric power consumed in the
energy system, the amount of electric power generated by
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the renewable power supplies, istructions for reverse power
flow to the power distnibution system, and instructions for
receiving electric power from the power distribution system,
seasons, weathers, dates, time zones, etc., the amount of
clectric power to be charged (a, unit: W) and the amount of
clectric power to be discharged (b, unit: W) 1n the energy
system are predicted within a predetermined period (pre-
dicted period).

A value x (unit: %) of the charging-stop SOC 1s estab-
lished such that the relationship between capacity A=at
(unit: Wh) to be charged in the energy system in the
predicted period (t, unit: h) and sum C (unmit: Wh) of idle
capacities of storage batteries whose SOC 1s equal to or
smaller than x % satisfies A=<C.

If 1t 15 assumed that the sum of the amounts of electric
power that have already been obtained by charging storage
batteries 130 designated as belonging to the charging storage
battery group 1s represented by D (unit: Wh) and the total
capacity of storage batteries 130 designated as belonging to
the charging storage battery group 1s represented by E (unait:
Wh), then the value x of the charging-stop SOC may be
expressed by an average SOC ((D+A)/Ex100) of the storage
batteries designated as belonging to the charging storage
battery group after they are charged to capacity A. If the
charging storage battery group includes storage batteries
whose SOC value exceeds x %, then those storage batteries
are designated as belonging to the discharging storage
battery group. If there are storage batteries whose SOC value
exceeds the average SOC of the charging storage battery
group when they are charged to capacity A, then the same
calculations as those described above may be carried out
except for those storage batteries to determine a more
appropriate value x. If the predicted time 1s set to a value
shorter than 30 minutes, then since the value x of the
charging-stop SOC 1s changed frequently, the value x of the
charging-stop SOC may be set to a value greater than the
average SOC.

In order not to use storage batteries 130 1n the high SOC
range, 1t 1s desirable to set the value x of the charging-stop
SOC to as small a value as possible. However, 11 the value
x of the charging-stop SOC 1s reduced, the charging and
discharging processes are frequently switched, tending not
only to generate a reduction i1n the capacities of storage
batteries 130 but also to impose an increased processing
burden on information processor 110. Accordingly, the value
x of charging-stop SOC should desirably be 20 or higher.

According to a process of simply establishing a value of
the charging-stop SOC, values at certain intervals, e.g.,
x=40, 50, 60, 70, for example, are established as candidates,
and one of them 1s selected based on the relationship
between the amounts of electric energy that can be obtained
by charging the storage batteries designated as belonging to
the charging storage battery group and the amounts of
clectric energy that are to be obtained from the energy
system whose storage batteries have been charged. This
process can reduce the processing burden on the information
Processor.

If energy system 100 includes a vehicular storage battery,
then there may be considered a process of preferentially
charging the vehicular storage battery to meet a date on
which 1t 1s to be used that 1s established by the user of a
vehicle, and thereafter charging storage batteries 130 des-
ignated as belonging to the charging storage battery group.

Storage batteries 130 in energy system 100 should pret-
erably be controlled individually for their charging and
discharging. However, storage batteries 130 having similar
charging and discharging characteristics may be divided into
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a group, and the timings to charge and discharge those
storage batteries may be controlled 1n the group. According

to this process, the processing burden on the information
processor can be reduced.

With the energy system according to the present exem-
plary embodiment, electric power users share renewable
power supplies 140 and storage batteries 130 1n energy
system 100, and information processor 110 controls the
amount of electric power generated by renewable power
supplies 140 and the charging and discharging of storage
batteries 130, so that storage batteries 131 installed in
distributed locations can be utilized 1n the same manner as
with storage batteries installed i a centralized area. Con-
sequently, the total capacity of storage batteries 130 1n
energy system 100 can be reduced to the same level as with
the centralized storage batteries.

Information processor 110 individually controls the
charging and discharging processes of storage batteries 130
in energy system 100, and controls each of storage batteries
130 to keep them discharged until they reach the minimum
SOC and also controls each of storage batteries 130 to keep
them charged until they reach the maximum SOC, the
charging-stop SOC, or the charging-stop ratio. In this man-
ner, the number of charging and discharging cycles of each
storage battery 130 1s reduced maximally.

Accordingly, the cost of storage batteries 130 can be
lowered since the capacity of storage batteries 130 1s pre-
vented from increasing and the product life cycles of storage
batteries 130 1s prevented from being shortened.

Second Exemplary Embodiment

As with the first exemplary embodiment, an energy sys-
tem according to a second exemplary embodiment controls
storage batteries 130 and renewable power supplies 140, and
also controls the supply of electric power to electric devices
150. The configuration of energy system 100 1s 1dentical to
the configuration of energy system 100 according to the first
exemplary embodiment shown 1 FIG. 1, and will not be
described below.

Electric devices 150 to be controlled by information
processor 110 according to the present exemplary embodi-
ment are devices that can be temporarily shut down under
the control of an external device and that do not lose their
convenience when they are shut down, such as heat-pump
clectric water heaters, air conditioners, refrigerators, etc., for
example.

Information processor 110 according to the present exem-
plary embodiment reduces the amount of consumed electric
power by stopping supplying electric power to electric
devices 150 to be controlled, instead of or concurrent with
discharging storage batteries 130 designated as belonging to
the discharging storage battery group, 1f the sum of the
amounts of supplied electric power 1n energy system 100 1s
smaller than the sum of the amounts of consumed electric
power.

If the sum of the amounts of supplied electric power 1s
greater than the sum of the amounts of consumed electric
power, then information processor 110 supplies any of
clectric devices 150 that have been shut down with electric
power to operate them, thereby increasing the amount of
consumed electric power.

As with the first exemplary embodiment, 11 the amount of
clectric power to be supplied from an external source to the
power distribution system by way of reverse power tlow 1s
notified and if excessive electric power 1s smaller than the
amount of electric power to be supplied by way of reverse
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power flow, or 1f the amount of electric power to be received
from the power distribution system 1s notified and the

amount of electric power that i1s insuflicient 1s greater than
the amount of electric power to be received, then informa-
tion processor 110 may reduce the amount of consumed 3
clectric power by stopping supplying electric power to
electric devices 150 to be controlled, instead of or concur-
rent with discharging storage batteries 130 designated as
belonging to the discharging storage battery group.

If the amount of electric power to be supplied from an 10
external source to the power distribution system by way of
reverse power flow 1s notified and 1f the amount of excessive
clectric power 1s greater than the amount of electric power
to be supplied by way of reverse power flow, or if the
amount of electric power to be received from the power 15
distribution system 1s notified and the amount of electric
power that 1s insuflicient 1s smaller than the amount of
clectric power to be received, then mmformation processor
110 supplies any of electric devices 150 that have been shut
down with electric power to operate them, thereby increas- 20
ing the amount of consumed electric power.

The supply of electric power to electric devices 150 1s
controlled by, for example, 1nserting relays or the like into
power supply lines of electric devices 150 and turning on
and off the relays according to 1nstructions from imnformation 25
processor 110.

With the energy system according to the present exem-
plary embodiment, storage batteries 130 and renewable
power supplies 140 are controlled and the supply of electric
power to electric devices 150 1s controlled to provide the 30
same advantages as those of the first exemplary embodiment
and also to reduce the overall amount of electric power
consumed by energy system 100. Furthermore, since the
number of charging and discharging cycles of storage bat-
teries 130 1s made smaller than with the energy system 35
according to the first exemplary embodiment by controlling
the supply of electric power to electric devices 150, instead
of by charging and discharging storage batteries 130, dete-
rioration of storage batteries 130 1s minimized.

40
Third Embodiment

FIG. 7 1s a block diagram of a configurational example of
an energy system according to a third exemplary embodi-
ment of the present invention. 45

As shown 1n FIG. 7, the energy system according to the
third exemplary embodiment includes a plurality of energy

systems (hereinafter referred to as “primary energy sys-
tems””) 100 each according to the first exemplary embodi-
ment or the second exemplary embodiment, and secondary 50
energy system 200 for controlling primary energy systems
100 1n their entirety.

Secondary energy system 200 has secondary information
processor 210 for controlling the amounts of electric power
consumed by respective primary energy systems 100. Sec- 55
ondary energy system 200 and information processors (here-
iafter referred to as “primary iformation processors™) 110
of respective primary energy systems 100 are connected to
cach other by communication lines that send and receive
information. As with primary information processors 110, 60
secondary information processor 210 may be implemented
by a computer as shown in FIG. 2. Power generation facility
230 having a large power generating capability such as a
wind power generator and battery station 220 may be linked
to secondary energy system 200. 65

Primary information processors 110 according to the
present exemplary embodiment operate according to a con-
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trol command (hereinaiter referred to as “power tlow control
command”) sent from secondary information processor 210
to control the sum of the amounts of supplied electric power
and the sum of the amounts of consumed electric power 1n
primary energy systems 100 that are controlled by primary
information processors 110. The power flow control com-
mand 1s a command for notifying the amount of electric
power that primary energy systems 100 supply to the power
distribution system by way of reverse power flow, or for
notifying the amount of electric power that primary energy
systems 100 receive from the power distribution system.
Primary information processors 110 regulate the sum of the
amounts of supplied electric power and the sum of the
amounts of consumed electric power 1n their own systems so
as to be able to supply the notified amount of electric power
to the power distribution system or to receive the notified
amount of electric power from the power distribution sys-
tem. The power tlow control command 1s sent from second-
ary iformation processor 210 to each primary information
processor 110 at certain time intervals or when the notified
content changes.

Depending on the sum of the amounts of supplied electric
power, the sum of the amounts of consumed electric power,
and the electric power demand-supply adjusting capabaility
of each primary energy system 100, secondary information
processor 210 determines the amount of electric power
consumed 1n each primary energy system 100, and regulates
the overall electric power demand-supply balance of sec-
ondary energy system 200 to thereby stabilize the distributed
voltage of the power distribution system.

FIG. 7 shows the energy system 1n two layers by way of
example. However, it 1s possible to construct a lierarchical
energy system in more layers, as shown in FIG. 8.

The energy system shown in FIG. 8 1s of a configuration
wherein a plurality of (N-1)th-order (N 1s a positive integer)
energy systems 1s managed by a higher-level Nth-order
energy system, and a plurality of Nth-order energy systems
are managed by a higher-level (N+1)th-order energy system.
Each (N-1)th-order energy system includes an (IN-1)th-
order information processor, each Nth-order energy system
includes an Nth-order information processor, and the (N+1)
th-order energy system includes an (N+1 )th-order informa-
tion processor.

The Nth-order information processors and the (N-1)th-
order information processors are connected by communica-
tion lines, and the (N+1)th-order information processor and
the Nth-order information processors are connected by com-
munication lines.

According to a specific example of the energy system
shown 1n FIG. 8, primary energy systems are constructed in
association with a plurality of respective electric power
users connected to terminal transformers 160, and secondary
energy systems are constructed in association with respec-
tive power distribution lines which deliver electric power
from a power-distributing substation. Tertiary energy sys-
tems are constructed in association with respective trans-
formers of the power-distributing substation, and quartic
energy systems are constructed in association with respec-
tive primary substations.

With the energy system shown 1n FIG. 8, each Nth-order
energy system can be regarded as a single power distribution
facility having renewable power supplies 140 and storage
batteries 130 controlled by (N+1)th-order information pro-
cessors, and each (N-1)th-order energy system can be
regarded as a power distribution facility having renewable
power supplies 140 and storage batteries 130 controlled by
Nth-order information processors. In other words, the N(N+




US 9,849,803 B2

19

1 yth-order information processors can control electric power
supplied from the power distribution system to the (N-1)
(N)th-order energy systems, and electric power supplied
from the (N-1)(N)th-order energy systems to the power
distribution system.

With the energy system according to the third exemplary
embodiment, since the amounts of supplied electric power
and the amounts of consumed electric power can be regu-
lated 1n each layer, 1t 1s possible to prevent system devices
of an overall electric power system from suflering undue
overcapacity, and the electric power demand-supply balance
1s made more stable.

The energy system according to the present exemplary
embodiment 1s effective for solving the problem of system
destabilization due to the introduction of renewable power
supplies such as solar power generation facilities or the like,
as described below.

The problem of distributed voltage destabilization can be
solved as follows:

In residential areas, for example, on weekdays, the dis-
tributed voltage 1s higher 1n daytime owing to low demands
than 1n mghttime. If solar cells are added, the distributed
voltage 1n daytime further rises, possibly out of the appro-
priate range. In this case, secondary information processor
210 can control the direction and rate of electric power
flowing from secondary information processor 210 to each
terminal transformer 160 thereby preventing the distributed
voltage from falling out of the appropriate range. Secondary
information processor 210 monitors the lower voltages of
terminal transformers 160 connected to one feeder line. IT
secondary information processor 210 detects a voltage
increase out of the appropriate range, then secondary infor-
mation processor 210 outputs a command to increase the
amount of consumed electric power in nearby primary
energy system 100 to primary information processor 110
that manages nearby primary energy system 100. IT second-
ary information processor 210 detects a voltage drop out of
the appropriate range, then secondary information processor
210 outputs a command to reduce the amount of consumed
clectric power 1n nearby primary energy system 100, thereby
bringing the distributed voltage into the appropriate range.
Such an algorithm includes a process of giving a command
for increasing or reducing the amount of consumed electric
power to diflerent primary information processors 110 con-
nected to one feeder line and transferring electric power
from the storage batteries of certain primary energy system
100 to the storage batteries of different primary energy
system 100 to thereby change the voltage distribution on the
teeder line.

The problem of supply-demand imbalance 1s addressed as
tollows: Inasmuch as the energy system 1n any desired layer
according to the third exemplary embodiment 1s capable of
controlling a lower-level energy system group, as if it 15 a
storage battery group, the direction and rate of electric
power are controlled according to a command from a
thermal power station or the like to thereby keep the
frequency at an appropriate value.

The present exemplary embodiment 1s also eflective for
solving other problems than the problem of system desta-
bilization, as described below:

The faults of system devices can easily be resolved. In any
layer of the system, the capacities of electric wires and
devices, such as transformers, etc., are limited. IT a possi-
bility of overcapacity arises, then a command 1s 1ssued to an
appropriate information processor for increasing or reducing
the amount of consumed electric power 1n an energy system
that 1s managed by the information processor, thereby avoid-
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ing overcapacity. For example, 1f current flowing through a
certain system device 1s likely to exceed the limited capacity
of the system device due to reverse power flow, then a
command may be 1ssued to increase the amount of con-
sumed electric power 1n an energy system that 1s located
downstream of the system device to prevent overcapacity.
Thus, the introduction of renewable power supplies can be
carried on without the need for strengthening facilities such
as electric wires, transformers, etc.

Another merit 1s that widespread use of renewable power
supplies can be promoted by making 1t easy to link them to
the power system. As the number of introduced solar power
generation facilities increases in the future, electric power
users who want to have solar power generation facilities
installed 1n their premises are expected to bear increased
costs according to the background art because they need to
go through complex procedures such as a request for
strengthening facilities in the power system, have to pay a
higher electricity bill due to the cost required to strengthen
the facilities 1n the power system, or are required to install
a storage battery having a relatively large capacity. With the
energy system according to the present exemplary embodi-
ment, however, since the facilities 1n the power system do
not need to be strengthened, electric power users can have
solar power generation facilities easily installed on their
premises, do not have to pay a higher electricity bill, and
may 1nstall a storage battery having a relatively small
capacity. Consequently, the cost that the electric power users
have to bear 1s minimized.

Since the energy system according to the present inven-
tion 1s eflective for reducing the required capacities of the
storage battery and additionally allows the storage batteries
to be installed 1n distributed locations, the capacities of the
individual storage batteries are reduced, and any danger
caused if the storage batteries fail to operate 1s minimized,
providing another mernt of additional safety than 1f the
storage batteries are 1n a centralized area.

The distributed installation of the storage batteries 1s
considered to be disadvantageous in that 1t makes mainte-
nance of the storage batteries more diflicult to perform than
the centralized installation of the storage batteries. However,
since the states of the respective storage batteries are moni-
tored by the primary information processors, it 1s possible to
get 1n touch with a maintenance provider in the event that a
failure 1n the storage batteries 1s discovered. Therefore, the
energy system according to the present invention 1s effective
for reducing the disadvantage of the distributed installation
of the storage batteries.

The present invention has been described above 1n refer-
ence to the exemplary embodiments. However, the present
invention 1s not limited to the above exemplary embodi-
ments. Rather, various changes that can be understood by
those skilled 1n the art as within the scope of the invention
may be made to the arrangements and details of the present
ivention.

The mnvention claimed 1s:

1. An energy system comprising:

an e¢lectric device that consumes electric power;

a plurality of storage batteries that supplies stored electric
power to said electric device, each of said storage
batteries being individually set to a maximum SOC
representing a charging limit and a minimum SOC
representing a discharging limit, each of said storage
batteries being chargeable and dischargeable under the
control of an external device and being capable of
measuring SOC values; and
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an mformation processor that designates storage batteries
which have reached said minimum SOC as belonging
to a charging storage battery group, and that designates
storage batteries which have reached said maximum
SOC, said charging-stop SOC, or said charging-stop
ratio as belonging to a discharging storage battery
group, and that sets storage batteries to higher priorities
according to the ascending order of SOC values 1n the
storage batteries belonging to the charging storage
battery group, and that sets storage batteries to higher
priorities according to the descending order of SOC
values 1n the storage batteries belonging to the dis-
charging storage battery group, and that controls the
charging and discharging of the storage batteries based

on the priorities.

2. The energy system according to claim 1, wherein said
information processor sets storage batteries to higher priori-
ties according to the ascending order of the number of
charging and discharging cycles of respective storage bat-
teries.

3. The energy system according to claim 1, wherein said
information processor carries out charging or discharging a
storage battery having priority 1, which 1s the highest
priority, and 1f the value of the SOC of the storage battery
having priority 1 1s the same as the value of the SOC of a
storage battery having priority 2, which 1s the second highest
priority, or if the utilization ratio within the usable SOC
range of the storage battery having priority 1 1s the same as
the utilization ratio of the storage battery having priority 2,
then said information processor carries out charging or
discharging a storage battery having priority 1 and priority
2 concurrent with each other.

4. The energy system according to claim 1, further com-
prising:

a renewable power supply that supplies generated electric

power to said electric device and said storage batteries,

wherein said storage batteries are individually set to a

maximum SOC representing a charging limit and a
minimum SOC representing a discharging limit and are
capable of measuring SOC values; and
said 1nformation processor controls charging and dis-
charging processes of said storage batteries individu-
ally to keep said storage batteries charged until SOC
values acquired from said storage batteries reach said
maximum SOC when said storage batteries are charged
and to keep said storage batteries discharged until SOC
values acquired from said storage batteries reach said
minimum SOC when said storage batteries are dis-
charged.
5. The energy system according to claim 1, wherein said
information processor:
individually establishes, for each of said storage batteries,
a charging-stop SOC, which serves as an index for
stopping the charging process, lower than said maxi-
mum SOC, or a charging-stop ratio within a usable
SOC range; and

controls the charging processes of said storage batteries
individually to keep said storage batteries charged until
SOC values acquired from said storage batteries reach
said charging-stop SOC or said charging-stop ratio
when said storage batteries are charged.
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6. The energy system according to claim 1, wherein either
said renewable power supply or said storage batteries are
installed 1n association with an electric power user who has
said electric device.

7. The energy system according to claim 1, wherein i1 the
amount of electric power supplied by said renewable power
supply 1s greater than the amount of electric power con-
sumed by said electric device, said information processor
carries out at least one process from among a process of
supplying the generated electric power to a power distribu-
tion system by way of reverse power flow, a process of
charging the storage batteries designated as belonging to
said charging storage battery group, and a process of reduc-
ing the amount of electric power generated by said renew-
able power supply; and

wherein 1f the amount of electric power supplied by said
renewable power supply 1s smaller than the amount of
clectric power consumed by said electric device, said
information processor carries out at least one process
from among a process ol receiving electric power from
the power distribution system, a process of increasing
the amount of electric power generated by said renew-
able power supply, and a process of discharging the
storage batteries designated as belonging to said dis-
charging storage battery group.

8. The energy system according to claim 1, wherein said

storage batteries include a vehicular storage battery.

9. A hierarchical energy system comprising:

a plurality of energy systems each according to claim 1;
and

a secondary 1information processor which notifies
amounts of electric power consumed by the energy
systems controlled by the information processors
thereol, to the mformation processors icluded in the
respective energy systems.

10. An mformation processor for controlling an energy

system 1ncluding:

an electric device that consumes electric power; and

a plurality of storage batteries that supplies stored electric
power to said electric device, each of said storage
batteries being individually set to a maximum SOC
representing a charging limit and a minimum SOC
representing a discharging limit, each of said storage
batteries being chargeable and dischargeable under the
control of an external device and being capable of
measuring SOC values,

wherein said information processor comprises:

a processor that designates storage batteries which have
reached said minimum SOC as belonging to a charging
storage battery group, and that designates storage bat-
teries which have reached said maximum SOC, said
charging-stop SOC, or said charging-stop ratio as
belonging to a discharging storage battery group, and
that sets storage batteries to higher priorities according
to the ascending order of SOC values 1n the storage
batteries belonging to the charging storage battery
group, and that sets storage batteries to higher priorities
according to the descending order of SOC values 1n the
storage batteries belonging to the discharging storage
battery group, and that controls the charging and dis-
charging of the storage batteries based on the priorities.

G ex x = e



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 0 9,849,803 B2 Page 1 of 1
APPLICATION NO. : 14/797837

DATED - December 26, 2017

INVENTORC(S) . Yukiko Morioka

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title Page

Item (63) should read:
(63) Continuation of application No. 13/388,540, filed on February 2, 2012, filed as Application No.

PCT/JP2010/057351 on April 26, 2010, now Pat. No. 9,415,699.

Signed and Sealed this
T'wenty-fourth Day ot April, 2018

Andre1 Iancu
Director of the United States Patent and Trademark Office



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

